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EFFICIENT METHOD FOR PRODUCTION 
OF COMPOUNDTRANSGENIC ANIMALS 

BACKGROUND OF THE INVENTION 

The introduction of foreign genes into the germline of 
recipient animals was first achieved in the early 1980's 
(Camper (1987) Biotechniques, 5:638-650; Bradley et al. 
(1984) Nature, 309:255-256; Palmiter and Brinster (1986) 
Ann. Rev. of Genet., 20:465-499). These types of procedures 
relied on the microinjection of cloned DNA into the pronu 
clei of fertilized eggs with Subsequent transfer of the eggs 
into Oviducts of pseudopregnant females for gestation 
(Gordon and Ruddle (1981) Science, 214, 1244-1246). 
Approximately one to a hundred copies of the microinjected 
DNA integrate randomly into the genome, usually at a single 
Site, in a fraction of the animals born. These transgenic 
founder animals usually carry the foreign gene in both 
Somatic cells and germline cells, allowing passage of the 
transgene to progeny in a Mendelian manner. 

The creation of transgenic animals by this and Similar 
methods has proven invaluable as a tool to introduce new 
and rare genetic characteristics into existing breeds of mam 
mals (Babinet et al. (1989) Genome, 31:938–949; Connelly 
et al. (1989) Exp. Cell Res., 183:257-276; Scangos and 
Bieberich (1987) Advances in Genet., 24:285-322). For 
example, using appropriate regulatory promoter Sequences 
the expression of genes can be directed to the Specific tissues 
or biofluids Such as milk or blood of the transgenic animals. 
Additionally, genes for the proteins of biomedical impor 
tance may be fused downstream of Specific promoter to 
express their products either in milk or blood. These proteins 
can then be isolated from the fluids by common techniques 
known to those of skill in the art, on a routine basis. Large 
transgenic Species Such as cow, goat and sheep may poten 
tially be a valuable reservoir of great quantities of the 
transgenic protein because of the amount of milk and blood 
present in these animals. The transgenic animals act as 
bioreactors or factories for the production of designed, 
Species-specific peptides or proteins or even cells. 

However, the generation of these larger Species of trans 
genic animals present Some unique challenges (EyeStone 
(1994) Reprod. Fertil Dev., 6 (5):647–652). In general, the 
efficiency of gene integration is very poor in these animals. 
Frequencies of approximately 0.1% for cow and <1.0% for 
sheep have been reported. Additionally, the Survival of 
microinjected Zygotes is low; only 15% in vivo-derived 
develop into morulae and blastocysts and, of these, only 
about 18% yield live animals. Thus, more than 1000 zygotes 
must be injected to produce a single transgenic animal. In 
addition, the gestation period for large mammals is generally 
long. These kinds of conditions require that large colonies of 
donor and recipient animals be maintained. Therefore, given 
current technology, this type of approach Seems logistically 
and financially prohibitive to implement. 
More recently, embryonic stem (ES) cells have been 

utilized in biotechnological applications Such as targeted 
gene disruption and creation of transgenic mice (Beribault 
and Kemler (1989) Mol. Biol. Med., 6(6):481–492; Iannac 
cone et al. (1994) Dev. Biol., 163:288-292; Camper et al. 
(1995) Biol. of Reprod., 52:246-257). ES cells are pluripo 
tent cells established from normal embryos, and in particular 
blastocysts. These cells can be cultured and manipulated in 
Vitro and will resume normal development when implanted 
into blastocysts from foster mothers. Microinjection, 
electroporation, and retroviral infection have all been Suc 
cessfully used to introduce foreign genes into these cells 
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2 
(Frohman and Martin (1989), (1989) Cell, 56:145-147; and 
Gordon (1989) Internat. Rev. of Cytol., 115:171-229). The 
use of gene knockout animals generated from ES cells has 
been important for Studying the hormonal and developmen 
tal control of gene expression, for producing animal models 
of cancer and other diseases and testing the efficacy of gene 
therapy, and for looking at cell-cell interactions and cell 
lineage relationships (Camper et al. (1995) Biol. of Reprod., 
52:246-257). 
One advantage of the ES based method for generating 

transgenic animals is that cells positive for the presence of 
the transferred foreign genetic material may be Selected for 
before generation of the transgenic animal. Thus, cells in 
which homologous recombination of the gene has occurred 
may be used to establish the transgenic cell line. This 
propensity towards homologous recombination has been 
used in creating "knock-outs' or inactivation of endogenous 
genes as well as to replace defective genes (Capechi (1989) 
Trends in Genet., 5:70-76; Thompson et al. (1989) Cell, 
56:313–321; and Williams et al. (1990) Bone Marrow 
Transplant., 5:141-144). Mice generated from 
ES-inoculated blastocysts are chimeric in Somatic and germ 
cells for the Selected, novel trait. Inbreeding of heterozy 
gotes permits generation of homozygotes and phenotypic 
expression of the trait. 
A method has now been developed utilizing embryonic 

Stem cells to efficiently generate transgenic animals that 
highly express an integrated foreign gene. Using this 
method, chimeric animals are produced that contain ES cells 
with different integrations of exogenous DNA. Since this 
method does not rely on homologous recombination, what is 
produced are compound transgenic animals. The germline of 
these animals represents a potential Source to transmit each 
independent integration Separately to its progeny. Therefore, 
using the techniques of in vitro fertilization and artificial 
insemination, the method of the present invention can be 
used to efficiently and inexpensively create a large number 
of high expressing animals within a relatively short period of 
time. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
of producing compound transgenic animals utilizing embry 
onic Stem cells in a one Step co-culture of the embryonic 
Stem cells with a blastocyst or morula. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Over the past 15 years, transgenic animals have proven to 
be valuable resources for a variety of biological applications. 
These include uses Such as, Studying hormonally influenced 
gene expression, cell-cell interactions and gene function 
employing gene knock-out and/or replacement Strategies 
(Camper et al. (1995) Biol. of Reprod., 52:246-257). These 
animals can also be used as models for human diseases in 
which immune and metabolic pathways may be dissected as 
well as a means to explore mechanisms of development, 
mutagenesis, and teratogenesis. In addition, transgenic ani 
mals can be used in drug development to evaluate compound 
efficacy and toxicity as well as in the production of biologi 
cally valuable proteins (Liggitt and Reddington (1992) 
Xenobiotica, 22(9–10):1043–1054). 

The most common method to generate transgenic animals 
is to microinject the gene of interest into one of the pronuclei 
of a newly fertilized embryo. The microinjected embryo is 
then implanted into a pseudopregnant recipient to obtain live 
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newborns. However, this method both tedious and unpre 
dictable. It also requires highly specialized skills of micro 
injection. 
Though this method is the most Successful, it has Several 

limitations. First, the method utilizes only one cell Stage 
embryos for microinjection which is generally limiting 
especially in the case of large animals. Further, microinjec 
tion is performed at the one cell Stage which is more 
vulnerable to damage. Therefore many of the embryos fail to 
Survive. Further, in larger Species it is generally difficult to 
obtain large numbers of Synchronized one cell embryos. In 
addition, one cell embryos of the large Species are pig 
mented thereby making it difficult to visualize the pronuclei 
for microinjection. Finally, each microinjection generally 
leads to only one transgenic animal, therefore microinjection 
of Several embryos is required to obtain a transgenic animal 
that expresses transgenes at the economically viable level. 

In the present invention, embryonic Stem cells are used in 
a mixed cell co-culture with a morula to generate transgenic 
animals. In a preferred embodiment, foreign genetic material 
is introduced into the embryonic Stem cells prior to 
co-culturing. For example, in one embodiment a DNA clone 
is electroporated into ES cells. Other methods for introduc 
ing exogenous DNA into cells Such as microinjection or use 
of retroviruses can also be used. ES cells transfected in this 
manner are Selected for integrations of the gene via a 
Selection marker Such as neomycin at concentrations up to 
500 ug/ml, propagated, and cultured further for expansion. 
The ES cells are cultured on mitotically inactive primary 
feeder cells. The cells for co-culture are harvested by 
treatment with trypsin-EDTA. The cells are washed two 
times with Brinster's medium and resuspended in the same 
medium with 10 mg/ml BSA at a concentration of 1–2x10 
cells/ml. 

These cells represent a pool in which different cell popu 
lations may have different integration of exogenous DNA. 
Microinjection of such pools of cells with independent 
integrations into the cavity of a blastocyst, or in a preferred 
embodiment, co-culturing the ES cells with a morula, pro 
duces a chimeric animal containing ES cells with Several 
integrations thus representing a compound transgenic ani 
mal. The germline of the animals thus represents a potential 
Source for transmitting each independent integration Sepa 
rately to its progeny. Accordingly, the same chimeric parent 
may produce Several progeny with different integrations. 
Each Such progeny represents an independent founder of a 
line of animals from which the high expressing lines can be 
Selected and propagated. 
To produce these animals, approximately 100 ul of the 

cell Suspension is transferred onto the microWells of the 
co-culture plate. The cells are covered with paraffin oil and 
allowed to settle for approximately 10 minutes. Morulas are 
isolated by flushing the uterine horns of pregnant females. 
The Zona pellucida is removed by treating with the acidic 
Tyrode solution. The denuded embryos are then transferred 
to the microWells with one embryo being placed in each 
microwell on top of the ES cells. The plates are then cultured 
overnight. The following day, the embryo develops into a 
blastocyst. Blastocysts are collected from the wells, washed 
with fresh medium and transferred into the uterine horn of 
2.5 day pseudopregnant females. The pups are born after 
about 16-17 days. 
By using the techniques of in vitro fertilization and 

artificial insemination, the method of the present invention 
can be used to create a large number of high expressing 
animals within a much shorter time. Further, with the 
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4 
availability of ES cells from different species the method of 
the present invention can be used with high efficiency to 
create transgenic large animals thus Saving time and 
resources. Another major advantage in using the method of 
the present invention is that it requires only morulae and 
blastocyst embryos which can be collected with relative ease 
from both Small and large Species by uterine flushing. In 
addition, the transgenic ES cells may be tested in tissue 
culture for the expression of genes before preparing chi 
meric animals. Using only the cells that express the gene of 
interest can be highly advantageous in obtaining transgenic 
animals which will most probably express the gene which is 
not possible by the conventional microinjection technique. 
By using a high concentration (up to 500 ug/ml) of Selection 
drug G418 for the neomycin resistance gene, integration 
Sites that are low expressors are eliminated. Biologically 
relevant proteins may be produced in chimeric progeny by 
incorporating a Secretory Signal into the transgene DNA 
Such that the protein may be Secreted into easily extractable 
fluids like blood or milk. 

Using the method of the present invention, Seven high 
degree chimeras were prepared by the co-culture of a 
mixture of 4ES cell clones with independent integration of 
the neomycin gene with morulae. The chimeras displayed 
80–100% ES cell contribution of ES cells by coat color. 
Three chimeric animals were crossed with wild type animals 
to produce 16 pups. Of these 16, PCR analysis revealed that 
4 pups carried the neomycin gene in their genome. 

Cells from the positive animals were cultures on 60 mm 
petridishes. At confluency the cells were treated with G418 
at 300 lug/ml and 500 tug/ml. The cells from non-transgenic 
pups died after G418 treatment whereas the cells from 
transgenic pups Survived at both concentrations proving 
further that the site of integration is fully active in the 
progeny of chimeric animals. 

This method may be used to quickly and efficiently 
generate a wide assortment of transgenic animals harboring 
a gene cassette (necessary promoter regions plus the open 
reading frame of interest). Because this method relies on 
creation of a compound transgenic animal, i.e. random 
insertions of the gene in the chromosome of the animals, as 
opposed to homologous recombination of the DNA at a 
particular site, the percentage of high expressing progeny 
(obtained from crosses using chimeric parents) is much 
higher overall. 
The following nonlimiting examples are provided to 

further illustrate the present invention. 

EXAMPLES 

Example 1 

Electroporation of DNA 

A DNA clone which contains the neomycin resistance 
gene was electroporated into the embryonic Stem cells. Cells 
were selected by G418 and individual clones were picked. 
The clones were propagated Separately and at confluency, 
cells were divided into equal halves. One half of the cells 
were cultured further for the expansion of the cells and the 
other half was used to isolate DNA. 

Example 2 

Southern Analysis of the ES Clones 
The isolated DNA was digested with BamHl enzyme and 

analyzed by Southern blot using ap labeled probe specific 
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for the neomycin gene. Altogether nine clones were propa 
gated. A Southern analysis of five individual clones showed 
that each clone presented a unique digestion pattern indi 
cating that the DNA integrated at unique sites in each 
independent clone. 

Example 3 

Preparation of Chimeric Animals 
Cells from one to four clones were pooled and propagated 

as a mixed cells preparation. The mixed cells were used to 
prepare chimeric animals. High degree chimeras were pre 
pared by co-culture of ES cells with the morulae isolated 
from the FVB/N strain of mice. These mice displayed 
80-100% chimerism by coat color. 

Additional chimeras were prepared by co-culture of 
mixed ES cells with morulae isolated from the C57BL6 
strain of mice. These chimeras displayed almost 100% ES 
cell contribution by coat color. At the age of maturity 
animals are crossed with the wild type to check for germline 
transmission. 

Example 4 

Germline Transmission of the Gene 

Analysis of transmission of the transgene to progeny is 
performed by crossing FVB/N chimeras with wild type 
FVB/N females. Pups produced in the cross are screened for 
the presence of the neomycin gene by polymerase chain 
reaction (PCR) using primerS Specific for the neomycin 
gene, neo2-neo3. 

Using this method, four pups amplified a 330 bp band 
Specific for the neomycin gene Suggesting that the chimeras 
have ES integrated into their germline. To investigate the 
nature of integration in each of the progeny the DNA is 
isolated and analyzed by Southern blots. 
What is claimed is: 
1. A method of producing a compound chimeric mouse, 

comprising: 
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(a) obtaining mouse embryonic stem (ES) cells whose 
genomes comprise a construct comprising a nucleic 
acid Sequence encoding a marker gene and a gene of 
interest each of which is operatively linked to a pro 
moter, 

(b) selecting said ES cells of (a) that functionally express 
Said marker gene; 

(c) cloning said ES cells of (b) to obtain individual ES cell 
clones, 

(d) analyzing the site of integration of each of Said 
individual ES cell clones of (c); 

(e) selecting at least two of Said individual ES cell clones 
of (d) with different sites of integration; 

(f) mixing said individual ES cell clones selected in (e) to 
form a mixed pool of ES cell clones with different 
integration sites, 

(g) co-culturing said mixed pool of ES cell clones with a 
mouse morula having a Zona pellucida removed Such 
that compound chimeric mouse embryos are formed; 

(h) transferring said compound chimeric mouse embryos 
to a pseudopregnant female; and 

(i) obtaining a compound chimeric mouse comprising 
cells that express Said gene of interest to detectable 
levels. 

2. The method of claim 1, wherein Said marker gene is a 
neomycin resistance gene. 

3. A method of producing transgenic mice, comprising: 
(a) crossing a compound chimeric mouse comprising cells 

that express a gene of interest to detectable levels 
obtained by the method of claim 1 with a wild-type 
mouse, and 

(b) obtaining Said transgenic mice whose genomes com 
prise a nucleic acid Sequence encoding a marker gene 
and a gene of interest each of which is operatively 
linked to a promoter, wherein Said transgenic mice 
comprise cells that express the gene of interest to 
detectable levels. 


